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ABSTRACT ; PROBLEM TO BE SOLVED: To provide a lithium secondary battery having excellent 
battery characteristics such as a cycle characteristic, electric capacity and a shelf life 
characteristic of the battery and having good wettability. 

SOLUTION: This lithium secondary battery is characterized in that in an electrolytic 
solution prepared by dissolving an electiolyte in a nonaqueous solvent, at least one kind 
out of allq^e derivatives expressed by following general formula (I) is contained in the 
^^rotytic solution. In the formula, R1 , R2 and R3 are each independently a 1 -1 2C alkyi 
group, a 3-6C cycloalkyi group, a 6-12C aryl group, a 7-1 2C aralkyi group or a hydrogen 
atom. R2 and R3 may form 3-6C cycloalkyle group by being mutually bonded. Here, (n) is 
an integer of 1 or 2, in the formula, X is a sulfoxide group, a sulfo group or an oxalyl group, 
Y is a 1-12C alkyI group, alkenyl group or alkynyl group, a 3-6C cycloalkyi group, a 6-1 2C 
aryl group or a 7-12C aralkyi group. 
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Sifc 2 - 1 2 a}r)l'y::~)l'm . 2 - 7°o t"-;t.» 3 - 
7>:^aS. 1 2 -rnt— J; 9 ti:^ 

{0014] luiE-m^ { I ) xm^ix^Tiv^yim 

-k. i^' ( 2-rDt-;W) ■f;l'7T-f h CR'=R=' = R 

^ =^i<.^M'f . Y = 2 - r n n^l'} . -J 
(l-,Xf-;l— 2-rat°-;t.) tf/l-^r-f h CRi = 

2 -'TU\^=,)\M. n = n , i^' ( 2 
;P ) -f ;t.-7 r h C Ri =^ f-^i--* . R = R^ =?K*i!I 
Y = 2-r^:i;l.«, n = l] , i^'O-r^- 
;t/) -tf/i/^T-^ h CR'=R'' = R5=**IE-i^. Y=3 

7..f CRi=xf-;l^«., Kt^Ki=:mW^. Y = 2 
-^yf-- /l.^, n = 1 ] . i-^ (1 -^^/l— 2--f^ 
~)V) -^iiyr-t h CR' = R2=;^^<'i^*, R3=7KK 
m'r. y - 1 --^ f-/u- 2 - 7■f■-/^S. n = 1 ] , i-' 
(1.1 i^"^+;l. ~2-rnt°:::>fW) ^f/^7T-^ h 
CR'=*SiE^. R2 = R3=^f-;WS, Y=l. 1- 

i^sA-j-il-- 2 Tofn/PS, n = 1 3 , j/ (1 . 1 - 

>'X-f^;^~2™7'oe-/l-) ■*f;P7T-< b CRi=?J<^ 
M^. R2 = R3 = X^;L'S. Y=l, l->'X^;^~-2 
-7°otrx;i^s, n = 1 ] , J/ (1 -x^;i-'- 1 - ^^ 
;l'~-2-7'nt*~;l.) -t/l-^T-f h CRi=**J^^. 
R2=x^;V^. R3 =><^;t/S, Y= 1 -x^/v- 1 - 
^^;p_2-TDtx;l^^ n = l], i^d-'fyr 
f-yk- 1 -^^yu-2-7°Dfc'X7P) •+^.;^7r•^ h CR 
^=*^ii^. R^-^yy^/i.^, R3=^^yi'«, Y 

= 1 - vy'i-ji'- 1 f-;t. -7°t7fcrr.;|,^. n = 
1J\ >^"{1, 1 -v.x-f-;i'-2-rf-x/i. ) ^?-;|^7t 
h CR' = R'-R3 = ^^yV-». Y-1 , l-i''^^ 
;l'-2-7>x;^^, n=n . (l-X^f-XA-v^' 
n^^ i^;!.- ) -^f;!-' 7 T b C Ri =*m^ , R^ ^: R- 
5^^^^^5^=^>'^'^f-^■>-S. Y- 1 -x^d/l'^-^o^ 
^^-/t^^. n-1 > , ^' { 1 1 -7xX;L- 

2- 7°nt°x./i,.) ^)iyrA V tRi-*Slgi^. R' = 
7x~;l^, R3=^^;WS, Y=l~7J^/l'-l-7 
xX/U- 2 -7°n t'x/kS, n= n , i-" ( 1 , 1 
7xx;L— 2-7'nt"X7l,) f-;i.7T-< f CR-^^^S" 
W.=f. R2-R3 = 7xa;l/£, Y=l. l"y7x~;L' 
-2-7'oex;t-a^ n=l3,>£^;t^ 2"7°ot°x 
;l'-9-/^7T-f h CR^-R2 = RS=?K^M^. Y-^f- 

n = 1 D . ^^/l- 1 2 -rnlf x;i, 

-9-;l-7T-^ ^ CRi=*^m-?. R^=J<^A-S. R" = 



b°^yl'-9-/W7T-f b CRi = Rs = R3=*#JS^, Y = 
xi~yL-S. n - 1 7 X x;|,' 2 - rn t 7 
r ^ f r R ^ = R ^ = R^^ =*^lgi=-, Y = 7 X =~}Vm , 
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*J[^^.' Y = 2-7°nt^x;L'S^ n= 1 3 , =J ( I ~ ^ 
2 - 7'n h°x./i,.- ) tf ?^ 7 X - h C R 1 = 

R2=^^;kS. R3=.7i<^M^s Y=l-.Xf-;u- 
2-rDtf~;Pa, n = n . 2 -T'^x/I, ) h?-;1.- 
7x-.h CRi=;<f-^l'S. R' = R3 Y= 
2-rf-x;l.S, n = 1 3 , i'- ( 3 - rf-x;),-) ^:^;L 7 
x-h CR'=R2 = R^=*^iRi^. Y = 3-7'^x;l. 

n = 2 3 , ( 2 -'^y^XJl, ) -t;U7x-h CR 
i=X^;«. R2 = R3=**MT. Y=2-'^>'^x 
yl-^, n = 1 3 , i-' (1 -^i-Jl— 2 -y^x;!^) -tf/V 
7x-f CRl = R'=.?^f-y^». R3=*^il-?. Y = 
l_^^;t,_2~r^-;U-^, n = l3.i^'(l. 1- 
>--^^;U~2-7'ntfx/t^) -1^/1-7 X- h CRi=*^ 
M^, R2-R3=^^;l'S, Y= 1 , 1-i/^^A— 2 
-Tot°x.;i.S: n = 1 3 , { 1 ■ 1 ->-'x^.4 - 2 
-rofxyV) l^;L'7x-h CR'=*^JE^. R2 = R 
3=x^;|/«, Y= 1 . 1 - d^'x-f-;)/- 2 -7•D^^x/^ 
a. n = 1 3 . i^' (1 -xf-;i.- 1 2 -7°n 

t'x;l/) ■^yl'7x-b (W=ymw.l-. R2=x^/|/- 

R3=.x^/l.*. Y= 1 -xf-;!.- 1 -^■f-;l'-2 
-TOtx^-S, n = 1 3 . i^' (1 y7>;i.™ 1 - 
f.yt/- 2 -7"'n b°x;t- ) ^}\,y x - h C R ^ =*Si[ 

R2=^yy^.7i^. R3=^^/t^, Y=i~--^y 

yf-./l.— 1 -,>< f-yl^— 2 -rnt°x,;l/^ , n = 1 3 . 
(1.1- i-'X f-;l— 2 - 7'f-X7l.- ) -tyl- 7 X - b C R 

i:=:R2=R3=^^/t-S. Y=i, 1 ->.■y^/^~■2- 
y^x;^^. n = 1 3 . i^'d -J^^-JW^^Vl^^i-- 
}V)^)l7^-h CR'=**ii^. R^tRSj&iiS^^ 
^y^ji^l-ym. Y = 1 -"Xf-x;i-> ;?o^^>-;l. 

n-13. { 1 --^^/U- 1 -7xX;W-2-r 
afx;l) fA'7x"b CRi=?KSII^. R2 = 7xX 
;t^. R3=.ji^;«, Y=l"^^;l-l"7xXA 
~2~TDh-X./V'S, n= 13. 5/(1. l-i''7xX 

2 -rnt°x;u) ■+?-/U7 X- f C Ri =?f<*IIT. 
RS:^R3 = 7j,-/t,..^^ Y-1. 1 "V'7xX;!.-2- 
7*nt°x;i.«, n=l3 , ^^f-^t' 2 -TO bx;l^+?-A- 
7x-h CR* = R- = R2=*SJI^. Y-;><^;L-S, 
n = 1 3 . >f f-yl-- 1 - ->< f-/!/- 2 - r D bx;l -y-;!. 7 
x-h CR>=**JIT. R— X^/l-*, R^=7f<SJs 
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^f 71- 7 X - 1- C R ' = R 2 = H 3 = 7j<«)^^ , y -Xf-;l. 
n=l] , 7x~;U 2 -7'Oh"rL;L-tf;U7x-I> 

1) . O'v^ /V 2 - 7°n t'=^fl-t/l'y X - K C R 
! = R.2 = R3 =7f;^|l^ ^ Y = > ^-zi-S . n = 

[0016] fiis-j^^ ( I ) x-mtLhT^i^yim 

1- ' {2-Tu\:~}l-) ;fW^-h CR' = R2 = R3 = 
imW.^. Y=2 -Tat°n/l/^^ n - 1) , >- ( 1 - 
j< f-il— 2 - rn t - ;t ) .i- " f C R' 

i^, Rs-^^^l-^, PJ=y\mm=f. Y=l-p<^;l'- 

2- ~7'ne::^/l.S, n = 1 ) . y ( 2-7>c:;/V) :t^' 
Hf'L-— h CRi=^f-;!,S. R2-RS-*#S(^. Y = 

2-r^~>m, n-n, i^- 0-7:^-/1^) 
n = 2K (2-'>?.y^-;p) ?^dfir^- s CR 

3=X^;i,-S. R^ = Rs=7kSiI^. Y = 2-'<y^x 
lUm. n=l ] , (1 -;<^yW~2"-7'^^/l') Jf=if 
-sfV-b CRi=R^=;^^7>*, R3=*^E^. Y== 
1 2 -7>rL;i.S , n = l K ( 1 , 1 - 

i-'^^/t^- 2 - rntr-;P) ^^'iFP - h C R' 

R= = R3 = .>t^;l/^^ Y=l, 1 -;;'^f-/t.'-2 
-7'n t-i/ia, n = 1 J , ( 1 , 1 -i/X^yl^- 2 
-7°nt~;i.') CR'=*^ia^> R2 = R 

3 . Y = 1 . 1 ~ i;x^/v - 2 -7-n tf-zu 

n = 1 ) , (1 "X^;L— I - 2 -ra 

ex/t.') ^^'ifu—}. CRi=*^J^^. R2=i^;t' 
= ^/la, Y = 1 - x^;l'~ 1 ~ f-A— 2 

-rnex;i/^, n = 1 > , ( 1 ->f y rf-;p- 1 - 

^ ^;|. - 2 "TO ex;l^) sfWl^- K C R^ 

RJ-^yy^/I/^, R3=J<^;1^, Y=l-^y 
-;<f-;i.._ 2 -7°otxyl.X, n = 1 K 
(1 , 1 - i'-;>t ^71— 2 - 7'f 'X/i. ) ^^'if 1^- h C R 
i=R2 = R3 = ;<^;l.S, Y= 1 , 1 - i''^ 2 - 
7"f-x;t^^^ n = 1 J , >■ ( 1 -.J:^=.iliy9t3^^>- 
;^)7rWU'-f CRi=7f«^. R2>R5*s^-^= 
^y^'^f-U ^S. Y= 1 -xf-x/t-i- 

n=l) . i'' l-.7xX;U-2-T 
nfx/i,) CR»=*«1I^, R^=7xx 

urn. pj^ji^)vm. Y=i-^^/u-i-7xx/t- 

-2-7'oex;t», n=l)..>Ml. l-i''7xX 
;p-2~-rntx/i. ) ^^'if u-h CRi=7jc^)^-^^ 
R2 = R3=:7xX;L-^, Y= 1 , l->;'7xXyW"2-- 
ra ex/l-S, n = n , ^ 2 - TO K'x/l.:^df^ 
■fV- h C Ri = R-' = R3 =?t«i^. Y=.>{ 
n 1 ) . 1 2 -rDt~yl':tW 



Y=><f-;P:S, n = lJ . x-f/t- 2-rnh"x./l' 

.11 = 1) . 7xx;p. 2-7"nt'x;k:tWl^-f 
CR^-R' = R3-.*Sil^. Y==7xX;i,S. n = 
n . ^:?nA.df>;l,-2-7'nh°x;k^df?Hf^-j. cr 
i=R.2^Rs=.^^jg^^ Y = v'^'o's.=Sri-'/Pa, n = 

[0 0 17] Miaryi-^vis^fttcjov^-c. tiie-M^ 
( I ) Tm$iiiT;i-^>mmt^cr)mM.i±, ^^m^^ 

SMfcMLTO. 0 l-2 0a*%, #fcO. l-IO 

[ 0 .0 1 s ] immx-mm^rii>mmmt lxh. m 

xf-ky^-df^-h (EC) , rnf^y^- 
(PC) , 7'^^y*-^:^-h (BC) , t' 

XUy;i?-;}?^-b (VC) ^iri^#K;<?-#JT-- 

h (DMC) . ;<^;t/Xf-;k;^f->if^— h (M 
EC ) . i;jLi-}VA~m^~ h ( D EC )^j:>£<^mm 

tHn7^y, 1. 4->''^=f-ty, 1. 2-'J^V^ 
>-:c9>\ 1, 2->*xh=!f>^x.f 1. ^-'J-fh 
^i-x^'/^rfcVxx-^;!,^, r+f }- - h i;.;i,-^i:'<7)X 
hVAM. 7'of^>'^^f-;i/, tv^'U>|g^^;k. e 

[00193 zix^commmit. 1 a^t'^fB ix h 

x<. Atz2 sMiu- ^m;^^h^xmm ixi>x^\. 

[0020] ^%mx'mm$h^m%mt txa. mi 

if. L i PFg. L i BF4. L i C 1 O,. L i N {S 
OiCRg) J, L iN (SO.CjFs) LiC (SO, 
CRjJj. LiPF4 (GF3)2, LiPFj (CjFj) 
3. L i PF3 (CF3) 3. L i PF3 ( i so-C 
s F7 ) 3 . L i P Ff, ( i s o - Cs F7 ) ^rif^W^^^i 

ih^crmmii. immx^mixhXK. 2m 
mutm^'^h^xmmixi.x^K ziic-Mmi. 

-1. 5Mc7)m^xim-^iixm^ix^. 
[002 1 ] ^mm<^m^'mmii. mux. mmi¥ 
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[0022] ^mmmykm%mi±. --orMmcom^m 
[00 23] mtii. nmmmuk LT{4^^^''^^ , •? 

■mtL-C\i, mm. L i CoO^. LiMnj04, 
LiNiO;. LiCoi-,N i,Oj (0. 01<x< 

1 ) ^tWtf i^^tS. tfz. LiCoOofcLiMn, 
O4. L i C oOjfcL i N i O., LiMn,04i:Li 

/i-^nx^py (PTPE) . rf^'J7•^'f^:t•■:l'JT">• 
(PVDF) , x^vyty^'i^'xycTjitfi^^ (SB 
R) . Ti^Un - hUvUiir^^i^X^iOAS-^f*: (NB 
R) , :h)V7f^^v?(-i~)V-^}Vn-x (CMC) ^ri:<7)ilS 

^x^CM^LT. mk. 1yavmm&. 5 0t:-2 5 0 

'cM^<7)iaK'c 2 nmrnw^^r^TMBMrnthz. 1 

[0 0 2 5] t«iSit*J®hUT{±. U^'^A^g^y^ 

. Itt. m-m (002) OfflrBlPi ( doas ) *^'0 . 33 
5-0. 340nm {i~y;<~^) X'h^BS^MBM 

^'-;}fy-7- (EPDM) . d^Ur^7 7;^:tc^x^^ 
>- (PTFE) , ;KU7-y^tf::^UT> (PVDF) . 
X^V-yby^'J::s^y £r)^m^t^ (SEE) , T^'Ua 
- h 'J fl^t v-'xycOiftS^ft < N B R ) , 
>'^f-./H:;i.-n-x (CMC) ^ifcDSWJha^LT 

[0026] y ^'>i.ZJ:^:m?t!iiDmjt«^t(-KlE$i'tl> 
[0027] 

immmi mz. mmmi^xv^mm^mfx. 



mmi 

tmmimmm.'} pc/dmc (Siit) -3/7io# 

7lQm^lfflllL-, CiltL i PFg^ 1 Mi7>iig(ci^S 

i:^izmmixmmmimmititk. ^^izrfi^ym 

m^blX'J (2-rDU::x;l-) -t/P^r-^ h C-ffit^ 
(I > 4". R' = R2 = R5 = *SM^. X-X;W;h^v- 

KS. Y=2-rnt"~;i.a. n-1 } ^«g??m^;tL 

[0028] [>j^^ 2:.i:iKmmioimto x i/mmm 
ff)mm} LiCoOj (i®ffi!t!9H) ^8omM%. r 
^^uy-fy^y? m^m) ^iom&%. ^uy-^^t 
h'rLUf-'y r^m) ^1 oa«%i?)SimiM-^L. ^ 
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fzmmmme mmizmmm^'^vx y-nm 
t:mi: nrnm^umuztzb. mm.m<^ 
mM^mt 1 . 1 9 f 0 . 5 0 ^ iimc^m^mt 
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